Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels mediate hyperpolarization-activated currents (I h ). In hippocampus, these currents contribute greatly to intrinsic cellular properties and synchronized neuronal activity. The kinetic and gating properties of HCN-mediated currents are largely determined by the type of subunits-for example, HCN1 and HCN2-that assemble to form homomeric channels. Recently, functional heteromeric HCN channels have been described in vitro, further enlarging the potential I h repertoire of individual neurons. Because these heteromeric HCN channels may promote hippocampal hyperexcitability and the development of epilepsy, understanding the mechanisms governing their formation is of major clinical relevance. Here, we find that developmental seizures promote co-assembly of hippocampal HCN1/HCN2 heteromeric channels, in a duration-dependent manner. Long-lasting heteromerization was found selectively after seizures that provoked persistent hippocampal hyperexcitability. The mechanism for this enhanced heteromerization may involve increased relative abundance of HCN2-type subunits relative to the HCN1 isoform at both mRNA and protein levels. These data suggest that heteromeric HCN channels may provide molecular targets for intervention in the epileptogenic process. D
Introduction
HCN channels mediate hyperpolarization-activated (I h ) currents (DiFrancesco, 1993; Pape, 1996) . In hippocampus, these currents contribute to maintenance of resting membrane potential (Lupica et al., 2001) , shape rhythmic and synchronized neuronal activity (Maccaferri and McBain, 1996; Magee, 1999) and regulate the temporal summation of dendritic depolarization (Magee, 1998; Poolos et al., 2002) . Short-term modulation of HCN channel function is mediated by cAMP, influencing channel kinetics and voltage dependent activation curves (DiFrancesco, 1993; Waigner et al., 2001) . Recently, long-term modulation of the properties of I h currents has been suggested to result from regulated changes in channel subunit expression (Bräuer et al., 2001; Brewster et al., 2002; Santoro and Baram, 2003) .
Of the four characterized genes encoding HCN channels, two (HCN1 and 2) are substantially expressed in rodent hippocampus (Bender et al., 2001; Moosmang et al., 1999; Santoro et al., 2000) and both isoforms can reside in a single neuron (Brewster et al., 2002; Franz et al., 2000) . HCN4 is expressed almost exclusively in subcortical regions, whereas levels of HCN3 expression within neurons are generally low (Bender et al., 2001; Moosmang et al., 1999; Santoro et al., 2000) . As described for other members of the voltage-gated cation channel family, four HCN subunits assemble to form a channel (for recent reviews, see Robinson and Siegelbaum, 2003; Santoro and Baram, 2003) . Homomeric HCN1 channels conduct fast-kinetic currents with modest cAMP gating, consistent with currents recorded in hippocampal pyramidal cells and CA1 interneurons where HCN1 expression is high (Bender et al., 2001; Brewster et al., 2002; Santoro et al., 2000) . By contrast, homomeric HCN2 channels conduct I h currents with slower kinetics and robust cAMP-evoked shifts in voltage dependence (Ludwig et al., 1998; Robinson and Siegelbaum, 2003) . More recently, the formation of heteromeric channels in vitro (Chen et al., 2001b; Er et al., 2003; Much et al., 2003; Proenza et al., 2002; Ulens and Tytgat, 2001; Xue et al., 2002) 
